Alterations of bone marrow sinus endothelium induced by ionizing irradiation: implications in the homing of intravenously transplanted marrow cells.
The endothelium of bone marrow sinuses is a continuous layer which is selective in its cellular transport. It is not known how selective and massive seeding of hemopoietic progenitor cells after intravenous transplantation of marrow cells occurs. We postulate that the conditioning irradiation could disrupt the endothelial barrier, thus permitting the "homing" of progenitor cells to occur. To demonstrate this phenomenon, we irradiated mice with doses ranging from 100-2000 cGy-total body and studied perfusion-fixed marrow by transmission electron microscopy. The major finding was sloughing and denudation of plasma membrane, particularly on the luminal side of endothelium. Membrane vesiculation was also frequently seen in this border. Moreover, dilatation of the perinuclear space and rough endoplasmic reticulum was commonplace and testified to instability and fragility of the membrane system. Focal cytoplasmic swelling of endothelium was seen reflecting increased permissiveness of the endothelial barrier. Endocytosis and phagocytosis were increased in the marrow; and the endothelium, normally quiescent with regard to phagocytosis, was now overtly phagocytic. A dipogenecity of the adventitial layer was increased as hemopoietic function of marrow decreased. The end result of membrane alterations in the endothelium was the appearance of discontinuities in these cells, which form the essential element of bone marrow-blood barrier. Consequent to these discontinuities, the permissiveness of the endothelial barrier was enhanced and those cellular elements, such as mature, nonreticulated erythrocytes that are normally confined to the vascular space, now appeared in large number in the hemopoietic compartment. With low doses, these findings were transient and repair set in by 1-2 weeks. With higher doses, total disruption of marrow-blood barrier occurred and the process did not seem to be repairable. We conclude that the conditioning irradiation before bone marrow transplantation is essential in disrupting the endothelial barrier and permitting large-scale entry of transplanted cells into the hemopoietic compartment.